Objective: We sought to characterize clinical and pathologic outcomes of advanced mixed germ cell tumors after retroperitoneal lymph node dissection for post-chemotherapy residual masses.
Introduction
Testicular cancer is the most common solid malignancy in young men and most of the patients are diagnosed during early stages in the Western hemisphere. [1] Since 1970s, cisplatin-based chemotherapy has resulted in excellent treatment response and typically, most patients have been treated with 3 or 4 courses of cisplatin-based chemotherapy. The etiology and pathogenesis of testicular cancer remain widely unknown and flow of data is mostly coming from western countries. However, limited data are available about testicular cancer behavior and response to treatment in other parts of the world. A growing worldwide incidence has been described and it has been already pointed out that the presentation of the disease is changing.
The aim of the present study was to evaluate the clinical and pathologic outcomes after chemotherapy for non-seminomatous mixed germ cell tumors in a tertiary referral King Hussein Cancer Center center in the Middle East.
Material and methods
After institutional review board (IRB) approval, the research protocol was submitted to the ethics committee of our center for consideration, comment, guidance and approval according to the laws and regulations of the country and the international norms and standards before the study onset. Retrospective review of testicular cancer data was performed for patients who underwent post-chemotherapy (primary and salvage chemotherapy) and retroperitoneal lymph node dissection for mixed germ cell tumor between January 2006 and November 2015. Written approval was obtained from each patient before the operation. Clinical and pathologic data were reviewed for patients' demographics, retroperitoneal residual mass size, recurrence and mortality rates during follow-up period, histopathology of the orchiectomized specimens and retroperitoneal mass. Histopathologically residual retroperitoneal masses were classified based on the presence of fibrosis/ necrosis, teratoma or viable tumor. Then, viable tumor was further characterized as embryonal, choricarcinoma, yolk sac or seminoma. The size of the residual masses was estimated based on the findings of CT scan performed prior to surgery and largest diameter of the mass was taken into consideration during analysis. Patients with pure seminoma in the testicular or in the RPLND specimens according to pathology reports were excluded from the study. Two patients lost to follow up immediately after RPLND. No age limit was considered during the selection process. Relevant statistical analysis was done in the department of statistics of our center. The mean, minimum, and maximum values were calculated for a set of variables which are included in Tables 1, and 2 . Time intervals between the RPLND and the last follow-up appointment were calculated in months for all patients. Since this investigation was a retrospective study without any control group, advanced comparative statistical analyses were not performed.
Results
The mean age of the patients at diagnosis was 30 years and the median follow-up period was 34 months (Table 1) . Between January 2006 and November 2015, 56 patients underwent retroperitoneal lymph node dissection (RPLND) for residual masses either after primary chemotherapy (40 patients) or after salvage chemotherapy [vinblastine, ifosfamide, and cisplatin (VeIP) or paclitaxel, ifosfamide and cisplatin (TIP)]. Ninety percent of the patients received 3-4 cycles of BEP (bleomycin/etoposide/cisplatin) as primary chemotherapy (Table 1) . Meanwhile, 16 patients (29%) received salvage chemotherapy. The mean size of the residual masses after chemotherapy was 6 cm (1-14 cm). Histopathological examination of the orchiectomy materials revealed the presence of mixed germ cell, pure embryonal, pure yolk sac tumors and teratoma in 82, 7, 7, and 4 % of the specimens, respectively ( Table 2 ).
The histological findings of the residual masses were reported as necrosis in 30%, viable tumor in 34% and teratoma in 36% of the specimens. In addition, histopathology reports of the residual masses harvested from the patients who had undergone salvage chemotherapy indicated presence of necrosis in 25%, viable tumor in 44% and teratoma in 32% of the specimens, respectively (Table 2) .
During follow-up period 9 patients had relapse. The mean time to relapse after surgery was 11 months, The relapses were detected in the retroperitoneum (n=6), in the lung (n=1), in the kidney (n=1) and in the contralateral testicle (n=1) ( Table 3 ). All patients who had relapse, had undergone surgery after salvage chemotherapy. Four patients who had received salvage chemotherapy exited, and the mean time to death was 27 months after surgery.
Discussion
Testicular germ cell tumor is the most common solid tumor in men between the ages of 15 and 35 in the United States. [1] Multimodality approach in the treatment has been used and resulted in significant improvement in cure of the disease with 5-year survival rates of more than 90 percent. [2, 3] RPLND is the standard of care in the management of patients with testicular germ cell tumors, who have residual masses after chemotherapy and salvage chemotherapy. RPLND provides accurate pathologic staging and predicts further management for patients who have residual viable tumors. [4] Classically, pathological examination of residual masses in previous studies revealed findings of necrosis or fibrosis in 40% to 50%, teratoma in 35% to 40% and viable malignant cells in 10% to 15% of the patients. [5] Present study has indicated incidence rates of necrosis, viable tumor, and teratoma as 30, 34, and 36% which are slightly higher than those previously reported. Late presentation with advanced stage was characteristic feature of this study supported by large mean size of the residual masses approaching to 6 cm in diameter. As expected, incidence of viable tumor after salvage chemotherapy was higher (44%). Similar data are coming from a region where the incidence of testicular cancer is presumed to 
be lower than that of Europe and North America. Limited comparative data about germ cell tumor behavior is available from Middle East. Al Othman et al. [6] , reported 16 male patients who had RPLND after chemotherapy and they reported incidence rates of 13, 50, and 37% for the presence of viable GCT, fibrosis, and teratoma, respectively.
Reliable predictive model of the pathology of residual masses after chemotherapy is yet to be established. Thus, appropriate approach to residual masses following chemotherapy remains a controversial issue. However, potential advantage of avoiding further chemotherapy in cases of necrosis and cure of the patient with teratoma outweigh presumably, unnecessary surgery in case of necrosis/fibrosis. [7, 8] Steyerberg et al. [9] created a multivariate logistic model to predict variables for necrosis in the residual retroperitoneal masses based on data from 556 patients who had undergone post-chemotherapy RPLND and they found normal tumor markers, elevated lactate dehydrogenase levels, absence of teratoma in the orchiectomy specimens, small-sized retroperitoneal masses before application of chemotherapy, and significant reduction in retroperitoneal mass size following chemotherapy for specimens with necrosis but also a 20% false-negative rate which was considered too high. Incomplete resection of residual retroperitoneal masses, the size of residual retroperitoneal masses and the finding of teratoma and viable tumor at RPLND were suggested as independent predictors of the disease progression and relapse. [10] For non-seminomatous germ cell tumor, residual mass of 1 cm or more is a conventional indication for surgery after chemotherapy. Still several studies have shown that relatively small size of residual masses (<2 cm) is considered as one of the most significant predictor for the presence of necrosis in RPLND specimens retrieved after chemotherapy. [9] Although absence of teratoma in the primary tumor has been suggested as predictor of absence of teratoma in the retroperitonum, our data indicated that 30% of the patients with teratoma in the retroperitoneal residual masses had no evidence of teratoma in the primary tumor. [7] In spite of benign nature of teratoma, untreated disease may have a lethal potential due to progressive local growth around vital structures or malignant transformation and its classical unresponsiveness to conventional cisplatinbased chemotherapy regimens. Thus, early resection of teratoma in the retroperitoneum after chemotherapy provides excellent prognosis and avoids the complications of late surgery. [8, 11] In the absence of a reliable model to predict the pathology of residual masses after chemotherapy, the role of some imaging techniques has been investigated. FDG-PET (18-Fluoro-deoxyglucose positron emission tomography) scan prior to surgery but after chemotherapy has been investigated, and found that FDG-PET accurately identified patients who had residual necrosis/fibrosis, teratoma or viable cancer post-induction chemotherapy. However, FDG-PET does not offer any benefit over CT in primary staging performed with the intention of discriminating the nature of the residual masses. Although a positive PET scan is highly suggestive of residual viable cancer, false-negative rates of up to 40% have been reported in a prospective trial by Oechsle et al. [12] In contrary, PET scan has more utility in patients with disseminated seminoma treated with chemotherapy where it has a higher sensitivity and specificity for the determination of residual viable disease. [13] Although the germ cell tumor is highly responsive to chemotherapy, the success rate of chemotherapy is lower after failure of the first-line chemotherapy. The present study revealed 16% relapse rate after chemotherapy and surgery during the followup period with a mean time to recurrence of 11 months and all relapses occurred in patients who received surgery after salvage chemotherapy with outcomes congruent with previously reported data. Previous studies reported a relapse rate ranging between 6 and 14%. [14, 15] The present study has its limitations. First, the limitations are inherent to retrospective analysis. Second, additional follow-up may affect long-term oncologic or survival outcomes. Third, the number of patients is small compared to large cohorts previously reported from western hemisphere. However, this study provides some insight into testicular cancer in a region where very limited flow of data is available.
In conclusion, our results reveals higher incidence of viable tumor in the retroperitoneum after primary and salvage chemotherapy in comparison with previously reported data. 
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